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Abstract 
Tropical climate variability IS strongly influenced by coupled ocean-atmosphere interactions 
The sea surface temperature (SST) influences the atmospheric heating through evaporation and 
convergence of mo~sture The atmospheric heating drives surface wmds whlch in turn drives 
upper ocean currents leading to changes in the SST Consequently coupled ocean-atmosphere 
models of varylng complexity are being increasingly used to understand and predict climate 
vanability in the tropics on the annual and interannual time scales The El Nmo-Southern 
Osallation (ENSO) being one of the most dramatic, energetic and well defined patterns of 
interannual variability in the tropics, has received the largest attention 
Whle coupled general circulation models (CGCMs) have increasingly come in vogue prac- 
t id considerations such as climate drifts and thelr sensitivity to the parameteruations of 
physical processes in the component systems hmt  their usefulness These problems of the 
CGCMs are related to deficienc~es in the atmospheric component (the Atmospheric GCM or 
AGCM) in simulating the surface winds and in the oceanic component (the Oceamc GCM or 
W M )  in sxmulating the SST On the other hand simpler coupled models such as the Cane- 
Zebiak model have proved their usefulness as prediction systems and have been employed 
to understand various aspects of ENS0 The simple coupled models are however not without 
their faults and there IS scope for improvement of the component systems As the tropical 
surface wmds are one of the most important components m the coupled ocean-atmosphere 
interactions of relevance to ENSO, we focus only on the surface stress in t h ~ s  tudy The 
m n  objective of the thesis 1s to develop an improved s~mple atmospheric model, capable of 
slrnulating annual and mterannual variations of tropical surface stress, for use m s~mple or 
hybrid coupled models 
Another related problem undertaken involved the intercomparison of the simulat~on of 
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the annual cycle and ~nterannual variability of the tropical surface winds in a large number of 
AGCMs The motivation for undertakmg thls project arose from the following considerations 
(1) such a rigorous intercomparison has not been carried out in the past, (11) it would provide 
a perspective to evaluate the simulations of simple models, (111) it was also realized that such 
documentations of the strengths and drawbacks of AGCM simulations would provide useful 
feedback for subsequent improvements of these complex models, (iv) further it was hoped 
that the examnation of a large number of AGCMs with diverse resolutions and physical pa- 
rameterlzations would provide information about the sources of systematic errors m AGCM 
slmulations The data for this was adopted from the Atmospheric Model Intercomparison 
Project (AMIP) and from the Center for Ocean-Land-Atmosphere interactions (COLA) with 
results of the thirteen year Integration of their low resolution (COLA R15 version) AGCM with 
observed SSTs 
Thls companson was made in two different ways The simulation of the annual cycle of 
tropical surface winds in 17 AMIP AGCMs were documented and mtercompared employing 
suitable statistical mdices These statistical indlces were deslgned to  compress and extract 
only relevant informat~on and were needed because of the volume of information that one 
has to handle when using such a large number of AGCM slmulations Thls study brings out 
some interesting features illustratmg different aspects of the performance of current AGCMs 
in the simulation of the tropical surface stress and its annual cycle (Say and Goswanu 1997) 
In contrast to older generation AGCMs that tended to produce weaker than observed annual 
mean stress, most AGCMs considered here were seen to capture the spatial features of the 
fields of annual mean and annual variance quite realistically A common feature of the differ- 
ent model simulations is th, weaker than observed surface stress simulated over the Somali 
and the South East Pacific regons The underestimated surface stress over the Somali region 
is linked with the weak precipitation simulated over the land to the east of it while the prob- 
lem over the South East Paclfic 1s possibly due to insufficient representation of the boundary 
layer processes Another result of concern from this study was the diversity of the different 
model simulations of surface stress over Somali Equatorial Indian Ocean North and South 
Central Pacific and the North and South East Pacific 
For the interannual variability we studied the simulation results of tropical Pacific surface 
winds in the COLA R15 AGCM (Goswam et a1 , 1995) The COLA AGCM was integrated 
with observed SSTs for the period Jan 1979 through Mar 1992 This AGCM was noted to 
be successful in simulating the annual cycle and the interannual variability of tropical Pacific 
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surface winds The locat~ons of the prominent features such as the trade wind m a m a  the 
Inter Tropical Convergence Zone (ITCZ) and the South Pacific Convergence Zone (SPCZ) are 
all well simulated although the strength of  the mean zonal winds in the trade wind maxlma 
were about 20% weaker than observations The amplitude of the annual cycle of the simulated 
winds were close t o  the observations except over the SPCZ and ITCZ regions where it is much 
weaker The AGCM was seen t o  simulate realistically the spatial structure and temporal 
evolution of the large scale low frequency variability Noteworthy was the simulation of the 
eastward mgratlon of zonal wind anomalies associated with the 1982-83 El Nino Successful 
performance of this AGCM, as compared to some of the older generation ACCMs, was seen to  
be lmked to its ability to realistically simulate the tropical Pacific preclpitatlon fields Th~s  was 
substantiated uslng a simple linear model Th~s  model was forced with the GCM s~mulated 
convective heating anomaly field and was successful in simulating the large scale aspects of 
the GCM simulated surface wind anomaly fields Thus, precipitation was demonstrated to be 
~mportant for forcing surface wind variability on the interannual time scales in this model 
The precipitation field was seen to  be an Important forcing function for the trop~cal Pacific 
surface wind interannual var~ability in the AMlP s~mulations too 
The studies described above helped understand the problems associated with the slmu- 
lation of tropical surface winds in current AGCMs I t  also revealed some grey areas which 
needed further attention Some of these problem regions such as  the Central Pacific are 
sensitive regions where the ocean and the atmosphere are strongly coupled Hence rectifica- 
tion of these d~screpanc~es In AGCM surface winds are essential for correct CGCM simulatlons 
Like the Central Pacific Ocean, another region where AGCMs performed poorly was the Indian 
Ocean The poor simulatlons were associated with the unrealistic simulation of the precip- 
itation over the monsoon region In the ACCMs Consider~ng the interactions between the 
monsoon and the ENSO, this is another crucial area where AGCM simulations need to  be 
improved South east Pacific, where most AGCMs underestimated the surface wmd stress 
1s another domain of concern We hypothesize that the problem in the South East Pacific 
arises due to the insufficient representation of the boundary layer processes This hypothesis 
is tested and its relevancy substantiated using a simple model for the tropical Pac~fic surface 
wmds Besides their potential as diagnostic tools for addressmg such and related problems In 
AGCMs such simple models also form effiuent tools for sensitivity and predictability stud- 
ies Another concern associated with the use of ACCMs in studies of E N S 0  vanability is the 
poor simulation of the high frequency part of the interannual var~abillty Although the low 
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frequency part of the interannual varlability is well simulated by the AGCMs the unreal~stic 
h g h  frequency part IS capable of degrading the s~mulatlon of SSTs in ocean models 
However two aspects of slmple models have been questioned in the past These pertain 
t o  (I) the  assumption of h e a r  dynarmcs and (11) parametermtion of atmospherlc forclng as 
a function of sea surface temperature (SST) Most slmple models employ Gill-type linear dy- 
narmcs and the atmospherlc forclng arlses solely from the latent heat release assoc~ated w ~ t h  
large scale organized convection Some recent studles have shown that the  h e a r  dynam- 
ics assumption is reasonable and reahstlc simulatlon of surface wlnds IS poss~ble through a 
h e a r  system provlded correct atmospheric heatlng 1s prescribed Hence a major thrust of 
the research and the starting polnt of model development was t o  develop a realistic parame- 
terizatlon of atmospheric heating wlthln the linear framework Another hypothesis that  was 
tested, is regarding the Importance of the dlrect effects of SST-gradients In forclng the troplcal 
surface winds 
As tropical convection is governed by nonlinear dynarmcal and thermodynarmcal processes 
it is a daunt~ng task to parameterue troplcal convection accurately wlthln the framework of 
a linear model Hence the problem was simplified by employing the observed relationship 
between deep convection and SSTs In the tropical Paufic An empmcal parameterization of or- 
gamed tropical deep convection was then developed Thls new parametenzatlon was tested 
and was found to be successful in capturing the large scale temporal and spatial features 
associated w ~ t h  tropical convective variablllty Another important feature of the model de- 
veloped was the inclusion of the direct effects of SST-gradlent5 on the tropical surface winds 
The refined slmple model was then mtegrated with observed SSTs for a 17 year perlod (1974 
- 1991) and the improvement in the simulatlon of the lnterannual variability evaluated uslng 
observed surface winds from the Comprehensive Ocean Atmosphere Data Set (COADS) and 
the European Centre for Medium Range Forecasting (ECMWF) analyses (Sail and Goswam, 
1996a) The model also real~stlcally simulates the annual cycle of the tropical Pacific sur- 
face wmds The model was then applled to study the relative significance of the effects of 
deep-convection and SST-gradients m forcing the troplcal surface wlnd varlabillty and help 
understand the questions posed for improvmg AGCM performance The Improved simulation 
of the lnterannual varlability and the annual cycle, besldes the computational efficiency of t h ~ s  
simple model makes lt an ideal component for use in simple or hybrld coupled models for the 
study of tropical ocean-atmosphere interactions 
